Abstract-This study evaluated the criterion-related validity of the Electronic Head Posture Instrument (EHPI) in measuring the craniovertebral (CV) angle by correlating the measurements of CV angle with anterior head translation (AHT) in lateral cervical radiographs. It also investigated the correlation of AHT and CV angle with the Chinese version of the Northwick Park Questionnaire (NPQ) and Numeric Pain Rating Scale (NPRS). Thirty patients with diagnosis of mechanical neck pain for at least 3 months without referred symptoms were recruited in an outpatient physiotherapy clinic. The results showed that AHT measured with X-ray correlated negatively with CV angle measured with EHPI (r = -0.71, p < 0.001). CV angle also correlated negatively with NPQ (r = -0.67, p < 0.001) and NPRS (r = -0.70, p < 0.001), while AHT positively correlated with NPQ (r = 0.390, p = 0.033) and NPRS (r = 0.49, p = 0.006). We found a negative correlation between CV angle measured with the EHPI and AHT measured with the X-ray lateral film as well as with NPQ and NPRS in patients with chronic mechanical neck pain. EHPI is a valid tool in clinically assessing and evaluating cervical posture of patients with chronic mechanical neck pain.
INTRODUCTION
Neck disorders are common [1] . A review of different observational studies of neck pain around the world showed that its 1-year prevalence ranged from 16.7 to 75.1 percent for the entire adult population (aged 17-70 years) with a mean of 37.2 percent [2] . A recent telephone survey in Hong Kong reported that the 1-year prevalence was 53.6 percent [3] .
Proper posture maintains the musculoskeletal balance equilibrium [4] , and poor posture might result in muscle imbalance that causes a faulty relationship among various body parts [5] . Forward head posture (FHP) is one of the most common cervical abnormalities that predisposes individuals toward pathological conditions, such as headache [6] [7] , neck pain [8] [9] , temporomandibular disorders [10] , vertebral bodies disorders [11] , soft-tissue length and strength alteration [12] [13] , or even scapula and shoulder dyskinesis [14] [15] .
Because of these associated problems, assessment of head posture has become increasingly important in clinical practices in evaluating and designing treatment regimens for patients with neck pain and the other conditions just listed [16] .
Measuring craniovertebral (CV) angle is one of the common objective methods in assessing head posture [4, 7] . It is the angle formed by a horizontal line drawn through the spinous process of the seventh cervical (C7) vertebra and a line joining the spinous process of C7 vertebra with the tragus of the ear [4, 7, 17] . Other studies used lateral photographic imaging to measure CV angle [18] [19] . However, it is cumbersome and inconvenient to use in clinical practices. Previous studies demonstrated that associations exist among FHP, neck pain, and disability [4] [5] 9, 16, 20] . The studies found that subjects with head, neck, and shoulder discomfort are more likely to have a smaller CV angle that indicates an FHP than that of asymptomatic subjects. The angle is a reliable indicator for identifying head and neck posture [4] . Fernádez-de-las-Peñas and his colleagues compared the CV angle of tension-type headache and migraine patients with that of nondisabled subjects. Results showed that the patient group had greater FHP, smaller CV angle [21] [22] , and lesser neck mobility than the control group [22] .
The Head Posture Spinal Curvature Instrument (HPSCI), a noninvasive and simple instrument, was designed by Wilmarth and Hilliard [17] . The HPSCI is an inexpensive method to measure CV angle. Willford et al. demonstrated that it produced consistent and stable intrarater results (intraclass correlation coefficient [ICC] = 0.9) across days and trials in 27 nondisabled subjects [5] . However, the accuracy of the instrument is limited to whole digits only without decimal places because no marking exists between digits.
We have developed an Electronic Head Posture Instrument (EHPI) to measure CV angle. Its measuring scale is accurate to one decimal place, and the electronic sensor reads the angle automatically. The reliability of the EHPI was assessed in our previous study, and the result showed a high intrarater (0.91-0.93) and interrater reliability (0.92-0.93) for both nondisabled subjects and those with neck pain [23] . The contrast-group comparison method was used as a first step to establish validity. However, the criterion-related validity of the EHPI, which is vital for clinical measurement, is still pending an investigation.
Cervical curvature and alignment are commonly measured and obtained from a radiograph with standard configuration [24] . Leroux and his colleagues demonstrated that a strong relationship (r = 0.84) and good agreement (ICC = 0.94) exists when comparing the lordosis of the spine on radiological data with the skin markers on the palpable spinous process with a mean difference of -1° [25] . Therefore, we used a lateral radiograph to validate the EPHI in this study.
Anterior head translation (AHT) is the horizontal distance between the posterior superior body of the second cervical (C2) vertebra and a vertical line drawn superiorly from the posterior inferior body of the C7 vertebra (Figure 1) . In cervical biomechanics, AHT is increased with FHP, forward flexion (x-axis rotation), or a combination of both [26] . The amount of AHT is measured with a standard radiograph in a lateral view [27] . AHT can eliminate the soft-tissue constraint when compared with the other surface landmark measuring method [19] . This measurement method has a high intrareliability (ICC = 0.99-1.00) and interrater reliability (ICC = 0.99-1.00), with small mean absolute differences of the observer measurement [26] [27] . The increased AHT will increase FHP [16] . Moreover, CV angle was found to be smaller in subjects with FHP [21] [22] . Thus, this study evaluated the validity of the EHPI in measuring CV angle by correlating the measurements of CV angle with AHT in lateral cervical radiographs. We hypothesize that the measurement of the EPHI accurately represents the CV angle when compared with the radiographical measurement.
MATERIALS AND METHODS

Participants
Thirty participants aged >18 with a diagnosis of mechanical neck pain for at least 3 months without referred symptoms were recruited from the Physiotherapy Department of the Prince of Wales Hospital, Hong Kong. Subjects were excluded if they had experienced cervical fracture or trauma, cervical surgery, idiopathic scoliosis, bone cancer, spasmodic torticollis, neurological motion disorder, any hearing impairment, temporomandibular surgery, visual impairment not corrected by glasses, or systemic disorder, such as rheumatoid arthritis or systemic lupus erythematosus. We evaluated their head postures by using both the EPHI and the traditional lateral cervical radiography. The neck pain intensity and disability were measured with the Numeric Pain Rating Scale (NPRS) [28] [29] and the Chinese version of the Northwick Park Questionnaire (NPQ) [30] , respectively. Explanation on the study was given, and informed consent was obtained from each subject.
Procedures
Measuring CV Angle
"CV angle was measured by the EHPI, which was composed of an electronic angle finder, a transparent plastic base, and a camera stand [ Figure 2 ]. The electronic angle finder 'SmartTool,' made by M-D Building Products, was fixed on a transparent plastic base. The combined SmartTool Angle Finder and the plastic base (now named as Angle Finder) were mounted on a tripod camera or video camera stand-HAMA 'Gamma 74.' Angle Finder could be used to identify and digitally display degrees/percent slope quickly and pitch to 1/10-degree accuracy. Adhesive pin markers were used to locate the position of C7 spinous process and the tragus of the ear.
"The EHPI was put on the standardized marking on the floor, and the tripod stand was adjusted to the position until the bubble of the horizontal indicator and the central marking overlapped. The distance from the participant's shoulder tip to the center of the tripod stand was standardized to 0.3 m while the distance between the operator's eyes and the tripod stand was 0.5 m because this was the longest distance that the testers could reach. The participants were asked to put on sportswear in order to expose their neck and the upper thoracic spine. They were also required to remove their socks and shoes. The C7 spinous process was palpated and identified and an adhesive pin marker [ Figure 2 ] was attached over its midpoint of the most prominent part. The participant was then asked to stand with his/her left shoulder in front of the EPHI. Another pin marker was fixed at the tragus of his/her left ear. The participant was instructed to stand comfortably with his/her weight distribution evenly on both feet and to keep the eyes looking straight forward. He/she was then instructed to flex and extend the head three times and then rest it in a comfortable position. A virtual line was drawn between the two pin markers from midpoints of the tragus to C7. The therapist adjusted the EHPI until the two indicator lines were aligned with the markers. The reading from the Angle Finder represented the CV angle [as seen in Measuring AHT Each participant had a lateral cervical X-ray taken by an experienced radiographer at the Department of Diagnostic Radiology and Organ Imaging of the Prince of Wales Hospital immediately after his or her CV angle was measured. Standardized instruction for the neutral head posture, which was used in measuring CV angle, was given to each subject for taking the X-ray. To measure AHT on the X-ray film, two orthopedic specialists were recruited in the present study. The posterior superior body of the C2 vertebra and the posterior inferior body of the C7 vertebra were marked in the radiograph by an erasable marker. AHT was measured as the horizontal distance of the posterior superior body of the C2 vertebra to a vertical line drawn superiorly from the posterior inferior body of C7 vertebra (Figure 1) .
The orthopedic specialists measured each radiograph twice at least 1 week apart. Bias was eliminated by blinding each specialist to the subjects' identification, his or her previous measurement, and the measurement of the other specialist. All evaluated radiographs were original in quality and were numbered. After measuring each radiograph, an orthopedic specialist used alcohol preparation pads to erase any markings made on the radiographs to eliminate bias for further measurement. We calculated the intrarater and interrater reliability to strengthen the validity of the study.
Neck Pain Intensity and Disability
Participants were asked to report their neck pain intensity on an 11-point NPRS, in which 0 is pain free and 10 is the most severe pain. This scale has been shown to be reliable and valid for measuring subjective pain [28] [29] .
Neck disability was measured with the Chinese version of NPQ that comprised nine questions. It provided a reliable and valid outcome measure for the patients with acute or chronic neck pain and demonstrated a very good content validity, a high degree of test-retest reliability, and internal consistency [30] [31] .
Statistical Analysis
Descriptive statistics of the age, sex, history of neck pain, CV angle, and AHT were calculated. According to Portney and Watkins, we used ICC Model 3, Form 1, to determine the intrarater reliability and Model 2, Form 2, the interrater reliability of measuring AHT [32] .
To investigate the criterion validity of the EHPI, we adopted the Pearson product moment correlation coefficient to determine the degree of associations between CV angle as measured with EHPI and AHT as measured with X-ray. In addition, the associations between AHT and CV angle with NPQ and NPRS were also determined by Pearson correlation. The SPSS version 15.0 program (SPSS Inc; Chicago, Illinois) was used for this statistical analysis.
RESULTS
Characteristics of the subjects are shown in Table 1 . Of the 30 subjects, 53.3 percent were female (16) and 46.7 percent were male (14) . The age was 46.7 ± 9.5, ranging from 27 to 59 years. (Values throughout article are expressed as mean ± standard deviation, unless otherwise stipulated.) The duration of the neck pain history was 16.2 ± 15.8 months, ranging from 3 months to 5 years. Across the entire sample, the average CV angle measured was 40.8 ± 5.4°, while the mean AHT was 18.0 ± 12.6 mm.
The interrater reliability of the two orthopedic surgeons in measuring AHT, ICC (2,2), was 0.99 (95% The associations between AHT from X-ray measurement and CV angle measurement of the EHPI with NPQ and NPRS are listed in Table 2 . We found a moderate positive correlation of AHT with NPQ (r = 0.39, p = 0.033) and NPRS (r = 0.49, p = 0.006) and a negative correlation of CV angle with NPQ (r = -0.67, p < 0.001) and NPRS (r = -0.70, p < 0.001). The smaller the CV angle, the greater the NPRS and NPQ values. The association between CV angle and AHT was also explored with Pearson product moment correlation coefficient. A good negative correlation (r = -0.71, p < 0.001) was found between them, which suggested that the smaller the CV angle, the longer the AHT, and vice versa ( Table 2) .
As shown in Table 3 , the mean CV angle and AHT for the females were 43.1 and 13.3 mm, respectively, while the males were 38.1° and 23.3 mm, respectively. Males had a smaller CV angle and longer AHT than those of the females. We conducted an independent-samples t-test to compare these parameters between males and females. We found a statistically significant difference in CV angle (p = 0.008) but not in AHT (p = 0.28), NPRS (p = 0.140), and NPQ (p = 0.086).
DISCUSSION
Poor head posture is generally accepted as one of the causes for neck pain because poor postural awareness and habitual poor postures may result in greater loading on the supporting structure and may cause sensitization and pain [33] . Currently, upright posture evaluation is recommended as part of the comprehensive physical examination of the cervical spine [34] . However, head posture is a difficult concept to capture, which is usually assessed subjectively or by complicated procedures. A clinically convenient, reliable, and valid assessment tool for head posture needs to be developed. We therefore developed the EHPI for assessing head posture and investigated the criterion-related validity of the EHPI in this study.
The intrarater/interrater reliability of AHT measurement by the two orthopedic surgeons in the present study was high and also consistent with the previous study [35] . This finding helped secure the internal validity of the present study.
The measurements from the EHPI and that of the lateral cervical X-ray of the 30 subjects with chronic mechanical neck pain were compared in this study. The result showed a moderate to good negative correlation according to the criteria suggested by Portney and Watkins [32] . That is, the smaller the CV angles, the longer the AHT distance and thus "more" FHP.
The mean CV angle in patients with mechanical neck pain was 40.8°, which is similar and consistent with the findings of Yip et al. [4] . The mean AHT demonstrated in the present study was 18.0 mm, which lies within the range of 15 to 21 mm as revealed in the previous studies [27, [35] [36] . Raine and Twomey reported that an FHP is not related to an extension of the upper-cervical spine in asymptomatic women and men [18] . However, Harrison et al. suggested that anterior weight bearing of the head causes flexion of the lower cervical spine and extension of the upper-cervical spine, which increases magnitude of AHT [26] . A number of studies also recommended that subjects with FHP were more prone to neck disorder or abnormal stress over the neck structure [4, 16, [19] [20] .
The results of the present study were consistent with the findings reported by Yip et al. showing that CV angle correlated negatively with NPQ and NPRS [4] . We demonstrated that CV angle had a similar negative correlation with AHT as with NPQ and NPRS. The good negative correlation among CV angle, NPQ, and NPRS suggested that clinicians should pay special attention to patients with smaller CV angle because they are prone to higher pain intensity and neck disability.
No previous study has explored the association between AHT and the intensity of neck pain. The present study has demonstrated that a significant correlation (p = 0.006) exists between AHT and NPRS in patients with neck pain. This finding establishes the clinical utility of AHT in assessing patients with neck pain. Moreover, it also supports use of AHT as a criterion in validating this study.
Across the sample, a significant difference was found between CV angle of the males and that of the females (p = 0.008), but not in AHT (p = 0.28), NPRS (p = 0.140), or NPQ (p = 0.086), even though more male participants experienced anterior neck posture and had a higher disability and pain score. This sex difference was neither investigated nor shown in any previous studies. Further studies are warranted to elucidate the cause of such difference.
Validity was defined as the degree to which our test, or other measuring devices, is truly measuring what we intended it to measure [28] . We found good reverse correlation (r = -0.72) between the EHPI measurement of CV angle and the radiological measurement of AHT. Because evaluation of head posture is recommended as an important part of the physical assessment for patients with neck or upper back pain, it may also provide an objective and reliable measurement of FHP for different therapists and medical professionals in assessing the progress of patients with neck pain. Results of the present study demonstrated that the EPHI is valid in measuring the position of head and neck. It is a simple and convenient tool in evaluating head posture.
One limitation of this study is that the sample group does not represent all types of patients with neck pain (such as acute whiplash injury) because some of the conditions were excluded. Another limitation is that the cause and effect relationship for head posture and pain and disability was not investigated in this study, which is crucial for clinicians to assess and treat their patients. Further research is warranted based on these limitations. Also, responsiveness of the EHPI, or its capability to detect change over time, should be tested in a longitudinal study for subjects with neck pain.
CONCLUSIONS
The good negative correlation between CV angle measured with the EPHI and AHT revealed from X-ray as demonstrated in the present study supports the recommendation that the EHPI is a valid tool in clinically assessing and evaluating cervical posture in patients with chronic mechanical neck pain. 
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